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Descriptor? 

[00011 The srrventlon relates to layered materials, which are splayed by one or mom highly branched polymers. 
[00021 Over the -last decade or m> the utility of inorganic nanopartfcstes as additives to enhance polymer port drmancs 
has been, well established. Ever since the seminal work conducted at Toyota Centra! Research Laboratories, polymer- 
layered material na noeomposites have generated interest across various industries. The unique .ph'ysicai properties 
of these naoooosposltes have been o:<plo red by auph varied industrial sectors &s the automotive Industry, the? pack- 
aging industry, and plasties rhan.u?aptumrs< These properties include improved meehankiai properties, such as elastic 
modulus end tensile strength, thermal : prop^-tle*. such as citeflictent of linear thermal; expansion and heat distortion 
Temperature, barrier properties, such as oxygen and water vapor trarTsmisslon rate, ffammai::4!|iy resistance, ablation 
perfon-nanoe, and solvent uptake. Some of the routed prior arils illustrated In U.S. Patents 4,739.00?.. 4,81"0'J34', 
4 f S94,41i ,5,182,948, ;S,1M.440 ; 5,184,460, 5,248^20, 5,854,328. and 6,034.1 63, 

£0003-} Nanoeoniposites ear? be formed by mixing polymeric rrmtenais with intercalated layered material, which have 
one or mere foreign molecules or parts of foreign molecules inserted between platelets of the layered materia!, in 
general, the physk^ achieved wi th less t han 20 vol. % addition, 

and usually loss than; : |0 voL % ad&ftlon of. the inorganic phase, which Is typically layered material or organically mod- 
If ted layered mater^e, Ai though those enhancornents appear to be a genera? phenomenon related to thenaneseale 
dispersion or the Inorganic phase, the degree of property enhancement Is not wiysrsal for all polymers, it has bean 
postulated -hat the prep?^ly enhancement is very much, dependent on the morphology and degree of dispersion of the 
inprgansc; phase in the poiyroeno matrix. 
[0004] The layered 

lores: (1) layered material tactolds whoroin the layered materia! particles are m face4o-faee aggregation with no en 
ganlcs inserted wlthsn. She layered material fattier, {^ intercalated layered material wherein the layered n-ateria! Ian ice 
hoe been expanded to a *hemiodynarnscai!y dofinocl oquiljhnum spacing due to the insertion of individual . poiynter 
chains, yet maintaining a long range order in the lattice, and (3} exf dilated layered matenale v4¥*roin singular layered 
material platelets are randomly suspended in the porymer, resuming from extensive penetration of the polymer into the 
layered •material iattlee and Its subsequent deiamlnailon. The greatest property enhancements of the polymer -layered 
material nanocomposites are expected with the Matter two structures mentioned herein above. 

[000 S] There has been considemble effort towards developing materials : and methods for intercalation anchor exfo- 
liation of layered materials and other layered Inorganic materials, in addition to Intercalation and/or ex fo nation, the 
layered materia! phas^ should also be rendered compatible with the polymer matrix in which they are disidbeted. The 
challenge m achieving: these objectives arises from the fact that unmodified layered materia! surfaces are oydrophillo, 
whereas a vast dumber of thermoplastic polymers of techno logical importance are hydrophobic in nature. Although 
Intercalation of layered material with organic molecules can be obtained by various meads : compass) tfing these 
splayed layered materials in a polymer matrix for imlform dlefdbauon still poses considerable -difficulty. In the Industry, 
the layered material suppliers normally provide just the intercalated layered materials and the end users are challenged 
to select materials and processes for oompatbillzmg these layered materials in the thenriopiastics of fhelr choice. This' 
selection process Involves trial and error at a considerable development cost to the end users. Since layered material 
intercalation and compaiibi ligation in the matrix polymer usually involve at least two distinct materials, processes, and 
sites ; the overall cost at the product comprising the polymer-layered material nanocomposite supers. 
£00063 A vast mabdty of splayed .layered m atenals are produced by Interacting anionic layered materials with eatlcnie 
surfactants Inducing enlum species such as amexsnidm (primary, soeoridary, teniary, and quaternary), phosphonium, 
er sutronlum derivatives of aiiphatfc, a?-omatk: or ary lal jp hatle amines , phosphines and -sulfides, These ©Wium tons can 
cause intercalation In the layered mater lale through len exef^an go with the metarcailofis present in the layered material 
lattice for charge balance. However, these surfaelant rnoteeotes may degrade during subsequent ■ ****** processing, 
placing severe limitation on the prcicessirrgtemperatere and the ehoiee ef the matrix polymer 

Iniercalahon Is usually carrleo: out so the presence of water; which needs to he removectby a subsequent drying step. 
[0007] Intercalation of layered maienais with a polymer,- as opposed to a lew rnolocuiar weight surfadant, Is also. 
known in the art. There are two major intercalation approaches that are generally used • intercalation- of a suitable 
monomer followed, by polymerisation (known as poiymerizatlon : see A, Okada at. AU.Poiym Prop,, Vol.. S8 : 447, 
1-987), or monomer/polymer Intercalation from solution. Polyvinyl aicohoi) (PVA) : polyvinyl pyrrol! done (PVP) and poty 
(ethyione oxide) (PEO> have been used to intorcaiaiethe layered material platelets with marginal suoooss. As described 
by Levy stal< In. ! intorlayer adsorption of poiyvsnyspyrrolidono on rno ntmoriil on ite*. Journal of Ceroid and !ni&rf&c& 
Sti&ne&, Vol SO (3} { 4*12, 1975,: attempts w^re made fo sorb PVP .between the mono^onlc rrjorstmod^onite layered 
material pialelets by successive washes with absotute eihanot. and- then attempting lo sorb the PVP by contacting it 
with 1% P¥P/ethanoi.'%ater sok^ldns, with varying- amounts of water. Only the Na-montmorilionite expanded beyond 
20 A basal epaclna all or contacting with PVP/ethanol/water solution. The work by Greenland: ?t Adsorption of poh/ 
{vinyl, .alcohol.} by rnontmorriloniio v , r Journal a? Colloid Science, Vol, TS, 847^664 (1963) d^ctoses that sorption of PVA 
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on the mfrttfrrctrrffl&nftft- was ciep^ndont orvfhe concentration of PVA in .the soletbn. 11 was found that sorption was 
affective only a?: polymer cor iCenirations of the order of 1 % by weight of th 3 pohymer. No further z&oft wm< made 
GQtnnteK$&£m\fan sines if vvouid bo irmUed by the drying of the dilate splayed dayered materials. In a recent work by 
Richard Vala et.ai. , K Mew Poiyrner Eieehoiyie Nairdfcsmpcjsaes: MeS Tntottafeiion of polyethylenooxide In mica type 

s mczm%\ Adv. mtemL% 7(2); f 54-1 56, i&95 s . PEG was spayed into Ma- mcntmorffiontte and Li- montmon«Ohiie by 
heatiing to 80* 6 tor 2-6 hours; -to achieve a cfcspsdng of 17.7* A. The estent of intercalation ob^rvediwa?; identical to 
that obtained from solution. (V. fctehratra, E. ft C5 bane i Is ; Sotkl State Comrrnjrh, 77) 1 55 ; 1 991 }. Otbar; recent work (US 
5,804 ,613) has dealt with sorption of mor- orneric organkreompoij f \ do having at least one earfeo r ly? f oneti onai&y s atsctod 
horn a group eonsis lingo reafboxylic aoicio ar^d sails thereof, polycarboxyHo acids arid salts thereof aldehydes, ketones 

to and fnfcfures thereof; Similarly, U.S. 5 -880,1 '97 discusses the ase ot an intereaianog monomer that ■obtains an amine, 
or amide fenetiohajfly or mixtures thereof in both these patents, and other patents issaed to the sarne group, the 
intercalation is performed at very dilate layered malefic eonoentratlons in a modern such, as water; lending to a. nee-, 
essary and costry drying &lep : . prior to melt processing. 

£0003] in order to further facliilaie deianiinatjon and prevent reaggrsgatbn of the layered matenai part^ios, these 
?s splayed layered materials are required to be oompanbie with the matrix polymer in which they are to t>e incorporated. 
This can be achieved through the earetul selection and incorporation of eoroparsbiikmg or coapung agents, vvhlch 
consist of a portion which bonds to m& surface of the layered materials and another portion which; bends or Interacts 
favorably 

as well as the specific oornponent m>mi to intercalate the layered material, since the cornpatlbrfi^ has to act as a 
^ link .between lU&*m, CornpatiOflSy between the matrix porymor and the layered a; atersai parties ensures a favorable 
interact ion, which promotes the dispe i&ion of the splayed layered materials, in the matrix polymer Efleeove cornpaSP 
biSlsafctoR leads to a homdgenoasd^pe^ieh of the layered matena^ particles ihth a typically hydrophobe s^trk polymer 
and/dr an Improved percentage of -exfoliated or oe laminated layered materials. Typical agents known #s the art Include 
gonenal ef asses of materials ouch ae organoeilane, or^ano^irconato and organotiianate 'coupling agents, 
■ss" [0009] A survey of the art, makes It clear thai there la a lack Of gaaeral guideline for the selection of the intercalating 
and conipatibljlvring agents for a specific matrix polymer and layered material combination. Even r? -ana can Identity 
these two necessaiy compDnents through trial and error, they are IfSuaNy incorporated as two separate entitles, usually 
^n the present of water followed by drying, In a batch process and flnaiJy combined at a separata ^ with the matrix 
polymer during imit precess^ig of the nanocomposite. Bach a complex process abviousty adds to the cost of devei- 
^ opment and man utaotu rrng of the final product comptf sing such a nanoccrnpcsite. There is a critical need in the art for 
a ccn^prehensive strategy for the development of baiter materials and processes to overcome some M ine avoremen- 
tie ned drawbacks. 

[00101 imaging elemen ts such as photographic elements. Usually comprise a flexible the ■ mop iastic base on which Is 
coated, the Imaging, material such as the photosensitive material/The thermoplastic base is usually made of polymers 

S5 darivocitronrtho polyastor family such as^ anclcei- 
iuioso triacataie (TAG) . Fm* for color and black and while photography and motion picture print f iim aro exnrnpies of 
Imaging media- comprising such flexible plastic bases m roll form. TAG haa attributes of high transparency and curl 
resistance after process in a bur poor machanlcai strength. PET on the other hartd has sxcellent mechanical strangle 
and mannfaoturaoility hut undesirable post process cnrL The two former atliibutes make PET more aa^enab^a to fSrn 
Mnmig, enabling the Urn lo have more frames for the same length of film. Thinning of the him however douses joss 
In rnschan)oat strength. "Ore stiffness will drop as approximately the c«i>e root of the thickness of the film. Also, a 
phoiosensJiive .material coated on the base in a hydrophilic gelatin vehicle will shrink arsd cud towa^s the emulsson 
when dry. T here is hence a need tor a base that is thinner yet tfctif enough fo resist this stress caused by contraetson 
forces. Films may also be subjected to excursions' to high temperatures duhr^e use. A transparent tfe base that n as 

vs dimensional stability at high tomperatures due to its higher heat capacity Is also highly desirabie, 

[001 1| Highly branched poiymers such as dendhrhers and hyporbranched poiymars are aewly de^ajoped materials 
and have many importarri appiicayons. Compared wilhlinear polymers, hirjitiy branched poiyrnr^s provide seme anique 
advantages. (Rochet el: ar Science, 269, 1 080 ? 1985). 

[0012] it is an object of the invention to provide a splayed material. It. Is a further obieet of the invention fo provide a 
spl ayed material which fUslher comprises a component compa^ibte with -a matrix m which the spiayed material can be 
dirspersed. it is ah. even further object of the invention to provide an aritcfe oompaaing a matrix and replayed rnaterrat 
vvtterein said splayed material comprises a matrix compatible component 

[OGi 3] These and ot her objects of t he invention are accomplished by a splayed material cornprising a iayemd matenal 
splayed with a highly branched polymer, A further embodiment of the invention in-dudes an article comprising a matrix 
55 and a Layered materia* stayed with a highly branched "■■poiymer, as well as a material exfoliatorj with a.t^ghiy branched 
poly roe r. 

l&m 4J The invention has nwnero us ad van tag as ... it provides a splayed material, which can be affectively incorporaied 
into a poiymar^ayersd rrtakarjal nanocempcjstte, Sech polymor-fayerod materia nanooonposiles can bo inoorporaled 
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info an article M engineering application -'-with Improved physical properties such as modulus; tensile strength ioagh- 
nesa s impact m«^tar^ ? eieotr&a! eoftduc^', feat disto.mon temperature, ooelf&ierit of lineartherma? ^arefoMfee 
retarda^eo. oxygen and wa-er vapor barnor pfoperH^s ; and the IMt. The application of such arlldes In a number of 
'industrial sectors, su«h as automotive, packaging; baitery cosmetics, aerospace, etc. cave been sjucfc&tgg in the 
5 mxmm (vido, f or example . ,} Pc>lymcr-myered matorlal NanocompGSji;^/ Ed TJ, Pinnavia and S ■ W, 8eali< John Wi!©y 
.& am Ltd. Publishers}. 

[001 S] The inysnt&h has an additional advantage of intemalat^g/exfoli^mg the layered materials with, a highly 
: bmnch^d pp.fym^rwh#minm0 bridging of ihematnx polymer and i^red.matMrBls c$m readily achkm?d, T h^ highiy 
branched polymer may have multiple funo^onaHtles> Some functional groups of these highly branched polymer are 

a* hydrophilicanrf havea natural affinity to the layered materia! surface, .resulting in the -ability io readUy enter the layered 
m&iwm lattice and Intercalate the layered -materials. The aforesaid highly branched pofynm tn&y further comprise a 
stmeturat unit ovmpmxe with another host polymer, to which. the splayed materia; ss added A mu^componam or 
multifunctional highly branched polymer ensures that a component of the hyperbrsnchsd polymer will intareatate/ex- 
foliate the layered material and another component or attached I unotsonai groups wM! physically or cfcsmreaiiy compat- 

■** Kaiiize- the splayed laf ©red rnaien&la with a hydrophobic matrix polymer. Thus, two necessary criteria of effectively 
disperses ;aye red « tale in. a polymer to form a desiraele polymer-layered material nanocomposlte, namely layered 
material inmo3momzionm»x and corneal ibm/ahon, can be fu.TOe.d by the choice of the -fiihpUonal groups or blocks 
In hyo^foranehed polymers oi this indention. 

[0016} One drawback in .utilising conventiona; organs layered raatehaMs their poor thermal etaM&y Because the 
intereatani In. the or pane lay creel: material ss a small molecular or o%erw species, the splayed materi&j exhibits weight 
loss and color change, which indicates the degradation of the intacalant m above 200* O, While the processing con- 
ditions of most commodity polymers are at 200" C to .300° C : this degradation w$ lead to m inferior material poor 
optical charac^ilstio of end product, and additional degradation of the matrix, polymer due to the degradation of the. 
mtereaiaoL Oft the other hand, the splayed materia! of ih& invention has good thermal ■stability* resulting in superior 
composite material. 

[001 ?} The spJayecimatariais el this Invention are also advantageous In processing varsatimy- The highly branched 
polymer splayed matehals were feuno to exhibit good soluh&iy as wol; as melhng characteristic. The splayed material 
oars be incorporated mtt> composite .m.at«r?a I either through solution process or meit process. This .leads to broad ap- 
plication In paint, thermal plastics, coatings and different applanations of polymers 
30 [001 8] Another advantage of the. invention derives horn th e fact that the layered malarial the highly branched polyra or 
and the mathx pojymer can all be combined In a single stop in a suitable compounder, thus, adding greatly to the 
efficiency of the manufacturing process. 

1.00101 Additionally the present Invention teaches a general strategy wherein the chemistry of the highly branched 
polyrnerean he taiiordd according to the -choice of the layered materia: and the specific matrix polymer, The molecular 
35 weigh ts can be combed easily to meet the processing conditions, such as temperature, shear, viscosity and product 
needs ; such as various physical properties. 

[ODS01 These and ether advantages w'HI.to apparent from "the detailed desch^soh eeiow. 

tOD2ij Fig. 1 1ll ustratoa XRD patterns for (A) LI , (B) PI to LI at a ratio of 50:50, as in Example S and (C) PI to U 
at a ratio oi 90: 1 0, as In Example 6, 
*Q [O022| Figure 2 Hi^trates a TEM Image of P to LI at a ratio of $0:1 0, as in Example iL 

|0D23] Figure 3 ^iisetrates XRD patens for (A) 14 and (B) P9 to L4 at a ratio of 50:50, as in Example S3. 
£0024] Whenever used In the specltscatbn the terms set forth have the following meaning: 

>: Nanocompo:5t^ means a corapesits material wherein at bast one component comprises an snorgahic phase.,. 
^ such as a smectite layered materia^ w^h at least one dimension in the 0:1 to 100 nanometer range, 

"Rater means particles wlth two eam^ leneih 
and width ef f he particie being of eemparable sixe but orders of magnitude greater than the thickness cf the padsete, 
>: L.ayered material 0 means an <novgmm materia; such as a smectite Jayered matenat that is in the form of a piuraiity 
Ot adjaeem boend iayers, 

"Platelets* mmm individuaf layere of ihe layered maiohal 

>: 1merceiatlon !> means the insertlcn of oneormore foreign moiecusee or parts of foreign molecuies between -platelets- 
of the layered materia I, usOally detected by X-ray dSfHaction technique . es illustrated in U.S. Patent N;d. 5,891, t> 11 
(itno t G. col.5 - m® 23, col. 7). 

"fntercalanr moan^ the afcreoaid foreign mciacrne Inserted between .platelets of the aforesaid layered "materia !. 
55 ^etercelated >: rerera to layered metehel that has at teast partially undergone intercaiatlon and/or exfolratbn, 

*ExtoNatk>ri* or "delarriif^iorrr means eeparation of Individual platelets m to a disordered structure, without any 
stacking order, i 

«Organo layered matenal" means layered materia; modified by ergahle molecules. 
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"Spjayod" layered nmUm\a& are denned as layered rnateHale which are comply 3ntetx?aSst€id wis no degree of 
exfoliation, totally seated materials with no degree ofjnteFraitffet*, as well as layered mmer?a^ whk:h am both 
intercalated and exfoliated deluding disordered layered materials. 

"Staying* refers to the separation of the iayer* of the layered materia;, which may bo to a degree afoteh &t® 
5 maintains a kmloe-type arrangement, as in. irit&rcfti&Efon, or to a decree which spreads ths laUinaseucture to £b& 

point of loss of kmiee structure as in exfoliation. 

pdSSj Highly branched p^ 

rosy be lower when compared with linear analogs with the same molecular w^ght. Second, the lorn! of mieraohon 

*<? between solvent and polymer may be deereasedand the polymer becomes much more compact. Thirds mo ■ fuaciionai 
groups ere located at the end of the polymer, the functional groups becomes more accessible and occupy a much 
higher surface area^ in highly branched polymers might be adyantagoone 

in intercalating or even exfoliating the layered inorganic p&rffcu3aig& Also, the use or highly branched poly mors con- 
taining splayed Inorganic particles may enhance eompalibiiity of the polymer matnx and the nanocon>posite elements. 

fs [00261 Any highly bmnehed poty mar made from a one pot process, such m a hyperoranohed polymer or from a 
mnimstep proems, such as a deno'rimen may be used, in the invention, Any highly branched polymer with various 
topologloe and cornpoeshons may be used in the invention. Any highly branched poiymer can be a segment of a co- 
polymer Seen •opobgies and compositions Include, hut are not United la .homo hinhiy branched, random highly 
branched, block highly branched, graft highly brancheOy and star highly branched. 

?o £00271 A highly branched polymer may be character kod by a structure having "branch upon n r?mch ape n branch 

Depending en the regularity of its organic ation and the type of branched involve^ three ditter^nt oteeec of highly 
branched polymers can be used in present inve-itloh. They indlu.de.: {a} hyperbmoched, also know ss randomly 
branched, psh/mors, (fa), dendritic grafted dendd^raf^ or corobburst, and (c) dendrite branched cchercn^ and den - 
crimerc.Thotcrm "highly branched* lo ured herein with rospeet to branched polymeresnd includes bath nypemranehed 

as and der id r; mer at m ctu rca . Th a term & Intended to design ale- polymers having a relatively :h sgh percentage of propagated 
branching sites por namber af peb/rnedxod n^enenior imita : e.g., at test one h ranching sits par every ten monomer 
units, prof erahiy at least one branching site per every five monomer units, and more preferably; at ieastoae branching 
site per every two monomer unite Hyperbrancbed polymers, a sub-group ef highly branched poiyroera are character* ■ 
imti by irregular bnanchi'ng* having a branch every 1 to 10 repeali ng a nits Der^drit le p^>iyniers i or deno rimers . another 

3* sub-group of highly branched poiymere are more regular branching m structure, with a branch every Repealing group 
or uhih 

p>02®| in genera!, dendritic grafted dendngrafts or oombburst and dendritic branched dendrons and; dendnmore can 
be made by mte^pie stops, as in convergent and divergent processes. Examples Include, but are net Nmliodto, dandrltlc 
polyarninoamines: (Tom&lia, at af. OS Pah Nos 4,435,54a, 4507466. 45581.20, 4737,650), cascade poiyamides 
m (Nawkome, ot ai. US Pat. 5,376,690, 6,422,379), polyethor (Hawker oiat. J. Am. Cham. See, i 12 : 7138 (1990)}, and 
polyelioxane (Uchlda : . J. Am, Chem. Soc., 112. 707? (1990)?. 

[0029] In general, hypertmanehed polymers used In the present. invention can be mads through chain pcrymerfeaiion 
oreondensalion polymerisation pmceeses, as described in -J, Perym. Sd f Pan A: Pelym, Chore 38 ; . 698 (1908), 

in one onioodimont the hyperbmnchaci polymer used in the present jnveni ion can be made through thp polymery alien 
4Q of >V B^ B^; monomers, wherein n and m are. integers of oi loess 1 and B ■ ^presents a linking group between A and 
8 or co-polymer j£aii<m of A. f B. co-monomer pairs whomin s and t are integers of at least 2 and of ar icest 3 : respoe- 
.iweiy> ".as describee m- U.S. Patents 4,857,830, and 6,353,082 and copending Wang et a; U.S S.M . /vppHcarions, filed 
July. m : 20m , (Dochois a£401 : 82S98, and 85086).. 

|0030] in a prefoned ombodirnent the hyperbfanch<5d polymer used ?n the jnventron may bo a po!yamide 4 po?yoeten 
^ peiyethetv vlnyiic poiyn>on po^emlno, poJysHoxnne, poiynrethana, poiythioether, poiyaryiaiky^r^, po^stlane,. poiyear- 
benate. polysuitene, peiylrnide. peiyesierfrnide, er pc^yooteramjdo. 

[0031] in another proved ombodirnoet ef the Invention, the r-yporbranched pohymer.may .be prepared by a chain 
polymon^aUen.of a monomer of the ferula M\f B 1 whemin (i) R 1 ?s a subst&LUod er noo-sute^tuted. sh^ht,. 
cyclic or branched. a!i<yh. straight., cyclic or branched alkQayl, oreiTakjhl.. cyclic or branched aryl mo lety and hetero atem 

*i> containing subchtuted or non-substituted straight, cyclic or bnmehed aikyi, straight, cyciic or branched aikenyl or 
straight ( eyerie or branched ary; moiety, W and are reactive groeps "that reaci e>dependont;y of each other in 
which M 1 Is a poiymc- Nation group and M s - H a precursor of a mojety w*hch initiates the poiymeh^hon of fv? 1 an 
a restift or hcing activated by any son?ce f and {in> ( n and m w« integers of at least l f more preferahiy e is 1 end rn is 
1 or 2, moot preterahly n is 1 and rn se 1 . 

as |0032| In anomer preferred embedimem et the invention,; the hyporbranehed polymer may be prepared by a eon - 
Ceneatien <vr addition pe!yrneh:<atk>n. of a monomer of the formula whenein (;} B r bi. defined above, hi} : M 2 

and i^-^ are cmepa thai undergo a condensation or addition reaction with or without a ca^yah and (m) ? e fe an integer 
of ai ioaei: 1 and t at leaet 2, mere preferably s is 1 and t is 2 to 4, and most preferahiy s is 1 and Us 2, 


S 


e?ix:<it>: < : :s:e; iz*H?V!ztejj:* 
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[O033| \n tmoih&rprmiriKti smb&^rnent of molnysntidn;. hyf^r bf snared poiym^rrr^ay .bepr^r^^^-cond&R&atteri 
or mxMcm p&fym^zmon of a oo~rnonq?w pair oHho formula ft*-M\ and r£-M% wherein (!) R$ and are oaon 
depencteotfy subsUtut^d- or .non -substituted straight, cyclic or branched alky! straight, cyclic or branched a&eoyi, or 
straight, cyclic or braced aryt moioty or h&iero atom containing substituted or non-substmnod straight cyclic or 
branched ^kyl, strait, cyclic or branched aike^ moiety, (i& and h& me groups 

thai undergo a scm delation or addition roactjon, and (Hi), x is an integer of at least 2 and y an: .integer of at teasvS, 
more preferably ^ -.tea and 4 andy is 3 to 10 f and most preferably x is 2 and y.te.3. 

P034| in another pr^rmd embody DfiJ Dfih^iny^U Is a noh-substeted or subsmtutod vinyls aroup or spoxy, 
and tip is X, -OH>>X : -GH;GH 3 }X f -C^CH^X, -0-;O)GHX ?: -C[0}CX> : , <)G(D}GH^ ■ ^CCGKSHX*. or -DCfO^CX, 
vvhrsrein X Is CI, Br, ! s 8<^^NR*B* S.- Oi^-Om, •C-NR^R^; OH or 


11* 


/ 


whdrojn B^-and R s areeaeri independently ■ (CH 2 ) r: -C 6 H s -0(0)0 or ~C(Q), uafoss FFis termtntf, wb0refotbe temunaj 
R b also inciudso a :by# ; ogen, asyl or aikyj group. R?> and R 9 are each incependentry a linear or branched aWyt or 
amn-ahc group , and r 1 - 12, 

P03S] io another p^ferr^d. embodlrn^m or ?:h*a invention, M 3 aod aro each jndeporidcndv -COOH, -OH, -OSl 


O 

anhydride, .NH, orNhy. 

|pD36] in another pMorred embodiment of the invention, and y s am each independently -GOGH. -OH. ~OSr 
(Cfcfefe, OCQZ}% -OimOl epoxy anhyddde. ~NH, : -NH a or 

» ^ «s -C 6 H 3 - or iCS-^-CCB^-.wherete B 8 is a Mem or branched aikyi or aromatic grouo. q is 1 -s, and R 3 is -C S H 4 -. 
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CJUO 

• 00%-" h y N ^CHsjO 

6 


109371 in still another smbotiim&fi? of the irsventfen, R* v B 5 , and R s are each ind^gencfcmtiy an oisgomoTie or poiymsflc 
chain of a ppiyamictss, poiyosier, polyether, yinyiie polymer, p<styiimi^« t poiysitaxane. poiyursmans, pslyth fester, po§- 
yarySaSkyierse, poiyssians, poiycafbonate, palyst.lfofto, poiyimfds, &olves{#lmlcte, or por/estersmsds. 
S| Examples of M^^V-M^ iRCtoSe: 


e(CH 3 > 



O 



M(CH 3 ) 


\ / 

o 


r \ 


"OH 


, or 


7 


.IWWi ,5:.: 
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wherein h' 'is an mtscjer of at \&&&t i,.Wis ^G{.p)C.H^X , ' -C{6)G HX a or -C(0}CX 3 ; and X 01.. Br, J, 

(R 7 ) 2 SIO 

S-QivSyZiZ* R4, 0 B4, H B4 BS} ? ,S*C(^S}-2 R 4 > 0 R 4 , N R 4 R-) f or Q-NR 4 R S , where R 4 --and" are drifted as 
*h> above, and R 7 : R 8 and are each independently a linear or bfarich<5d alky: or aromatic group 

[0039] Examples of M s s -R 1 -M 4 t Include 2,2-bJSihydroKymethyi)prop?ornc acid, 2,3-djaminoproponb acjd, £ :i S- olasrsi •■ 
aopomanoic acid; 1 -Lysine and other ones having the following structure: 


O 


R 


^ } o 


// o 

J/ // 


u ~1 

NHS, 


35 


4-5 




55 
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3t(CH ; ,}j 


OCOCIfe 
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OH 


OH 
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oc;och 3 



"OCOCHv 


wrierelrs R 1 - and R 11 are independently H< aiibsnuited.or non-sub«tiiuted straight or branched aS^I,at^y1*Bryl:rnoiisSy 
and may be joined to form an ^kyiene group, 3 to 8~membered ring, h is defined a&ove; 

[0040] Ex&mptes of &$~M\ md ff*M% include Jeffammes, dsroinofcesfiarcs* 3 : 3 ? -diamino-N m^hy^rop^;an^:no, 
1,4-pbenyienodiamsne^^ 

4*4-oxyfols(i^rca^ aofci roafcsie anhydride, suoefnb 

anhydride, hexahydrs^hthaifc^iiriydc xie f phihaisc anhydride, gtork; anhydride, actenyj anhydride, dep*myiannydr;de, 
£~d0dee©tvy '-yi&ua$rti& gntydHtte; oeteo~1~ylsucciaic anhydride, 1 ope nlane^e^ra-sxarbcj^ie dlarrhydride, 
^ietftano&mittk, oliaopropanoiamino, 1 ^T^diepo^yoo&me, 1,1,1 •tr^hyi5reKy^^«hy))eman€- ; trteitMpel amine, dioiy- 
eidyM ^^yciahexaaedfea^oxyi^te, dicJyoidyM r 23>^u>mihydrophtalai0 ; poiyfpmpyierjegiyeD?:) digiycidys ether, poly 
: j(dim^mylsjlbxane) bjglyeidy! mhm\ bibphenoi A propoxyjale (IPO/phenol) digiyeiiiyl ether, b5s{4"^^?dyjoxyphynyl} 
methane, fe&arckie! dlgiyddyi ether; diglyesdyi aniline* tnpheny iolme thane ihdigiyddyl ether; trimethy^propane trrdig - 
fycM§<\ ether; N.N^diglycidyi^-glycidyioxybenzene, tns-2(2 ? 3-^ terspht^abyl chlonde, 

1 ; a ; S^ben^fjelricarbony; trlcH&rlde, eminopfopylten-ninated polydlmethy^ibxanes with ■•noieouiar werght from aoo io 
300,000. and an nn op ropy I •methytsHo>o&o& : - di me t hy !site)>sah e copolymers w&h moiecujar wo lent from 4 000 to 0,000 and 
molar percentage of am ! nopmpy i methyssilo^ne from 2 to 7 

[0041] in a preferred embodiment of the Invention, the soluble or d&peraible hyperbr&uehed pawner possesses 
water sosabia or dispersibse segment groups either at the ends thereof or rn the backbone. These |ya- er eeitible or 
duspersible segment or groups can be jntroduoed by either :riirectpo!ymerlmtidn or by pos^rnodi^oarien ofih&. hyper- 
branched polymer. Tee water -soluble or water disperaibso sogmems or groups may be cationie, ^i<snic f aed non- 
charged. The an bob segments or groups may be carboxylfo adds Sod their salts, sulfonic acid and their sahs : or 
phc^phnnb acid and their sals. The eailorib segments or groups may be N, R arxlS ooo^ainkTg q#lo raized ooium 
sate. Finally, ?he oon-eherged sagn>ants or groups may bo -OH, polyether, substituted or non-suhshima amines;. 
[0042] The roe secular weights of highly branched may be from 300 to 10,000,000. The roost preferred molecular 
weight range for the present jiweotjoft may be from 1 ,000 to 1 ,000,000. The rturnbens of end functional group may be 
from 2 to 1 ,000,000 . The preferred me Ocular weight ranges end numbers of functional groups may be chose n to ensure 
ease of synthesis and .processing under a variety of conditions, 

£0G43J The ^eracim&artete most suitable for invention Include materials in the shape of places $4th significaatty 
h%b,aspeet ratio. However, other shapes with high aspect raise will also be advantageous. The layered materials 
suitable for this invention compose clays oraon-elays. These raaienals include puytSosli bates, e.g,, : imentmari^jiife, 
particular^ sodium mora^ beidelHte, 
voikonsHolte, beoiorita. sapoeite. saueonrte, sobockite ; stevensite, svmfordite t vormicuiite, magadiae, fcenyaite, -tafe, 
m;ca ;: kaolin:te ; and mixtures thereof ; Other useful layered materlais include mm, mixed iayeRrdii^te/sr^eciite mineral, 
such as sodikite and admixtures bf iiJites with the layered material named above. Other useful layered materials, 
particular^ useful with anionic mairix polymery are the layered double hydroxide eisye or hydro^alcjtaa, such as 
MgeA%^QB} 18 ^ have positively charged layers and exchangeable anions In the letersayer spaces. 

Other layered materials having little or no charge on me layers may be ^sefui provided ftiey ceo bespSe^ed wsth swelling 
agents, which expand their interlayer spacing. Such mateiiais incsude chlorides suoh as FaCi s . FeOG| chaicogenid^, 
such as t!S?< MoS^ arid MoB^ cyariidsa such as Ni(CSM)^ and oxides such as H^Si^Oc- , V 6 D^ f HTNbO: if Cr 0 $ <S ? , 
v ;Av ^P^V s O §? ^V^G?, Cr 3 O a , MoQ.gGH} Q> VOP0 4 ^H 2 0 T CaP0 4 GH^H g O, MrtHA&D^Hp, A^MO t ^b^ : 
and the like. Preferred layered materials are sweliable so \ hat other a<|eois s usually organ so loos or molecules, can 
IntemalsieanoVoroxfoflatorhe iayered material resuming in a desirable dispersion of the-Jntfrganfe pr-ase. These sweiia- 
ble Jayercd mulanats inoiudo phyllesilicares of the 2:1 type, as deRrt'sd m the literature (vide, fer ex&mpie, "An sntro • 
duetto so clay conoid ehemistry; > by K van O^hen, Jo.hn Wiley & Sous Pubrishefs}. lypioal phytscaiiioates with Ion 
exchange capacity o? SO. to 300 niiHIequlvalehLs per 1 00 $?rarr^ arepref erred. Preferred layered matsd# tor me present 
invention Include clays : especially srnectite clsy such as montrnoriiloniie, nontrc>nl|e. beideUite, volkoo^koite, heeteeto : 
saponin, sauccniie, soboekite, stevensite^vlnfordlte, halloysjte. m 

double hydroxides or hydro LaScftes. Most preferred layered materials include nionrrnchHonne : hecioma and. hy.drotai- 
cHes, because of commercial avallabl sty of these materials, 

[P044] The aforementioned layered maToriala can be natural or synthetic, for exampie. synthetic smectite layered 
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materials, This distino&ors can influence the panicle size and/or the joy el of associated impurities. Typically, ayntnatic 
iayored. m&tarlsE*SB- mav; ; t>o,SFnali.er' in i'aieral dln-iension, and therefore possess smaJier aspect ratio. However, synthetic 
layera<| niaterials may be purer and may be of narrower sL?a distribution, compared to natural clays and may not feqtiire 
any -farther purification or .separation. For this Invention, the clay particles should have a i&terej dsr^nsion oMrom 0.01 

$ >m1 to 5 :.tm, and preferably from 0,05 run io 2 urn, and mom preferably Worn 0,1 p:m to i. nra The ihkskness or the 
vertices fttfeftsiofl -&i the day parodies can vary from 0.5 nm to 10 Dm, and preferably from 1 nm to 5nm. The aspect 
i&iio. which is the ratio of the largest and srn&^est dimension of the layered rn alone! particles should be >10: 1 and 
preferably >1Q0>1 and mora preferably >1 000:1 for this invention The aforementioned: Uralu* .regarding the sise and 
shape of Urn particles are to ensure adequate improvements in some properties of the nartfx:emposiies .without deie- 

io tefbualy af feeling others. For example, a large lateral dimension may f esu it in an Increase in the aspect ratio : a desirable 
criterion for ImprevemeriUn mechanical and barrier properties. However, very Serge particles can cause optical defects, 
such as haze, and caj$be abrasiy© ?o -processing., conveyance and finishing equipment ae we!? as the Imaging foyers, 
[004 5} The clay used in £nis hwention can be an organoclay, Organooiays may be produced by interacting the an- 
functionated' clay w;#s suitable Interca lasts. These interoaiants may be typically organic compounds, which may be 

• 5 neutra: or sonic, Useful neutral organic molecules include polar molecular such as amides, esters, lactase exiles, 
ureas, carbonates, phosphatea, phosphonates, sulfates, sulfonates, nltro compounds, and the like. 
[0046J Tee nouirai erganic ihtereal&nts can be monomorlc, oil gam one or polymehc. Neutrai organic molecules can 
cause intercession- in the layers of ihe layered .materials through hydrogen bonding .-with out completely replacing the 
original charge balancing sons. Useful Sonic compounds. may be oationie surfactant JridutTirsg onium species such as 
arnmonlurn (primary, siie^ondary, tertiary, and qtsatiernary), phosphonium. or suitonium denvairyes of aliphatic, aromatic 
or sryiaiiphaiic aminefe. phosphlnes and sulfides,. Typically ensure Ions can cause jeiercaiaiion in the layers through 
Ion exchange with teeirnetai cations of the preferred smectite clay. A number of commercial oroanoclays are available 
from -clay ver-dors, wtijch may be used in the practice of this invention. 

[OOvlTj The rnalrlx psSyrnor sjeed in the inversion can bo any natural or synthetic polymer, T he matrix polymer may 
^ also be any waiersokj&io or insoluble polymer; The water soluble polymers preferred Include gelann/poSy^vinyfalcohoi}, 
psiy(eoty!ene oxide), pciyvinyipyroiidlnone, p oly (aery sfc acid), poly (sty refK:-su!fonback3},poiyacryfemide v andqoatenv 
ised polymers. 

[0Q4§! The matrix po lyrner may bo a thermoplastio' resin .. I ilustmtive of u ssef ul tfrermopl astlo resins are poly iae*o nes 
such as potyCpivablactona), • poiy<caproiaotone) and - the-, like, poiyurethanes derlvect f rorrv reaction of diisooyanates 
so such as i r s -naphthalene dilsecyanate, p-phenyiene diisoeyanafe, m-phenylene diisocyanato, 2,44ctuene diiaocy- 
asate, 4 : 4 < -d5phenylmethane diisooyanate, 3.;3*-dimethyi-4 v ^ 

nyl dlisocyanate, 4,4-d^phenylisopfopy^dene dusocyanafe, 3;3-"din^thyl4,4^lphenyl rjiisocyanate,. 3 S~ dimethyl 
4,4 , -d:phofiykmethanedllsocyanate < 3,.3*-d:lmethoxy-4 } 4^bip-henyrd)lso<^,anate i: dian?sldine diiaocyanate : tdiidlne dilse- 
oyanate, hexamethyiene diisocyanate. 4A~ diisoeyanatodlphenyimethane and the like, and Isnearjong-cham dloia such 

55 as polyttetrarnelhyioee adipats), poly (ethylene adipate), poly(1 ? 4-biiiylene adipate), pory {'ethylene s.uocln ate), poly 
(2,3-butylenesuccinate), po^yether diols and the like, polycarbonates such as pory(n?ethane bls(4-pbenylVcanoonate}, 
poiy(1 ,i -ether eis(4-pe.nyl) carbonata), pe^y(dlphenylrnethane bss(4-phenyl)cart3onate), pojyd^t cyclohexane bis 
(4-:phefty$oarto propane) carbonate, and the like, poiysolfone;^ poiyether ether 

ketones, peiyamides such as poly (4 -amino butyric acid), poly(hexam0thyiene adiparnide), polyCS -amsnohexanoic ao- 

40 idh poiy(m- xyiyiene ac-lparasde} : poly(p-xylyene sebacamlde); poiy(2 ? 2,2-tnmethyi hexamethyiene iefephthalemide) y 
pa?y(meiapheny;ensi ^cphthaiarrilde) (Nomex(^). poiy(p-phenyleneterephtr>alannde}(Kevia?#) ; and the like, polyesters 
such as poiytelhylene a^ elate), poly ( ethylene- 1 ,5-naphthaiate) ; po}y{e t thy5ene^ 1 S-naphti'iala!e} t poiy(1 : 4-cyc;ohexane 
dimethyle-ne larephlhalate), pGly(ethylono oxybenzoaie) (A>Te»), po!y(para-bydroxy ben^oate) (E'kono : i#) ? poly 
H > 4 cyc^ohexyl5dene ^memyiene terephtnalate} {KedeKS;} (c&), po!y(1 ,4-cyciohexylidene dlme^hyiane terephthaiate) 

45 (Kode^i) (trans), polyethylene terop hi h late, polybutylene terephthalate and the Hke : p.oly(arytene oxides) such as poly 
(S^-dimothyl-t ^-pheayiene oxide},. po^.e-dlphertyl-l .4-phenyien0 oxide) and the iiks ( poiyfarylene suifldes) such 
as p03y(phenylanc -sulfide) and ihe like, pclyethenrnides. vinyl polymers and their copoiyn^ers such as poly (vinyl ace- 
late), poly(vinyi aioehei), poly{viny] chJorlde}. po;y{vlny^ bUtyral} ! pelyfvinyUdene chloride) ? ethyieee-vloyl acetate ce- 
polymers, and tee iik«ypolyacrylkis, polyacryiata and their copofy-rlers such as poly {ethyl acrylate), poly(n-b?jty5 ecr- 

so ylate}, paiy^melhylmethacrylate}, poiylethyl rmthacryiate) < poly{n- duty; raetf^acryjaiey, pc?y(rv propyl rneth^cryl*5te}, pc^ 
lyi^ary}mW^^ t polym^kmMk^ poly(aeryllc acid), oihy I one -acrylic acid copolymers » sl'hyiene-vl.nyi alcohol copolymers 
acryionfhlle cepciyrnors, methytmothaoryiatG^styrono oopdlyniers, ethylene- ethy! scryia-e oopoj'yjTjers, rneihacryJated 
:b?j dadien e-styrene copolymers and the like, po'yo^efins such as (linear) lovv and high density poiy(e>hyione). poJyJpro • 
pytene), chiorlnaied io^ density po 5 y (ethylene), po!yt4-methyi-1-pentene}, poiy(ethylene} ; poly{slyrone), and the like, 

Sff ionorriOfs > poiyCeplcnlerohydrins). p6ly(uretban©} such as the- poly fher^atlon prodoet of dials each as g!ycenn { Ulmeth- 
yloi-propane, i .2.Bme^anetrio} 1 sortJitoL pentaerythrlloi, poiyether polyols, polyester polyols and the nke with a oetylso- 
cyenste such as 2.4 ■ - dlylene diisoeyanate, 2 ; 6-teiySene dliaocyants, 4.,4'^iphenylrnethane dlisocyanate, 1 .B-hexame- 
thylene dl leocyainal a, 4,4 4 >dioycoha-xyin^ ethane diisocyanate and the like, and polys ulTones s so h as the reaction product 
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of the «Q$um sail of 2.2 bis^-hydroxyphonyi) propane and 4 i 4 J -dichiofodiph3f^ -suifone ( ^urah' rss^ifs sped as poly 
{faran}. cellulose sster plastics such ascetlufose-aostate, eem.Hose acetate buiym?e\ eelluio&a propiorrafe andihe \ik$, 
silicones such as poh/Cdim&myl sitoxarse), poiy{<*imet"hy! stloxane), poiypm^hy! alloxans co^ph^yi^k^hy! sllo&^dn 
and the protein plastics, polyeihers, p^iybMes, pofyvfaylicfem'haii^ po}yCAXbm&m> pohV^mM^emlMes, 
•5 pGlyletefsuorooihylefies polyasefeOs, poiysulfonaies. polyester ionomers, poJyol«fio ionomera. .Copolys^efs ..jand/oT mlsc- 
turas of these aforementioned polymers can also be used 

[0040] VulcantfSb^^ illustrative 
o? such rubbers are bromlnaiod butyl rubber, chlorinated butyl rubbeo, poly^fpfhane elastomers, flforcK^asfon^rs, 
polyester stem^ buiadieno/aGjylonfelfo elastomers, silicone elastomers, poh/(bstadleae>, polyi^butyiene). etc - 

ip. ysene -propylene copolymers, ethylene-propylene-cilene terpQlyrnersi, sulfonated st^^^prppyfe^disfss terpoly- 
mers { polyrcnlofDpfene), pofy{2 : 3*dimetriy?&utadiene) > poly^butscsene-per^sdiene), chippy IpH^ated pofy(eth- 
ytenm), poiy(sulf scl^) 0!astomers r block copolyrTiem, n -ade up ot segments of glassy or crystalline blp#s sueh as poly 
(styrene),^ siyren©), polyester and. the like and the aiastornehc blocks such as poly 

(botadlene) v po!y(ssoprens^ { emy^ane-propylene copolymers., ethylene-bstylene copolymers, polyetner qMw and 

ts like as tot example the copolymers irx p:0!y(styr^n^|-poly(b:utadiene)-poly(sfyre^e5 block copolymer nmnu facta red by 
Shell Chemical Cornp any under The trade name otKraton®: Copolymers and/or mixtures of these :^forem£??Ul»ood 
polymers can also be used. Preferred matrix polymer forme present Invention are thermophilic coursers such as 
pOiyamsios, polyesters, and polymers of alpha-beta unsaturated monomers and copolymers. 
10050] Po!yam^ot5,.whlcb may *>e fcssd in. the present Invenfcon, are synShetlo linear pofycarfccj^ 
by the presence or recurring oarbonan^e groups as an integrat pari of she polymer chsira whteh are: separated from 
one another by at least two carbon atoms. Myamldes of mis type include polymers, generally kmivn m the art as 
nylons obtained from diamines and dibasic asici a having the recurring unit represented by the general formate: 

*s - NI-iCOB 1 COI-INR 2 •• 

In whsch B* is an aikylene group of at least 2 carbon Mmt$. preferably from 2 to 1 1 or arylene saving af toast a carbon 
atoms, prelerabiy from .6 to 1? carbon atoms, and R s is selected -from f¥ and ary; groups. Also, indexed are oopoly- 
amides and torpoiyamjdes obtained by 'mown methods, for example, by condensation of hexamethytame diamine and 

as a mixture oi dibasic asms consisting of lerophfha^c acid and adipfe acid Polyamkiss of the above description are vyeil- 
knowa-in the arland include: for example, ih&copbiyamide of 30% hexamathyiene diammonlym fsool^bataie and 70%. 
hexamethylene d^mmonlum adipate. poly(hexamsthyiene acfipamlde) (nylon 6,6) : po;y(haxarnemylape sebacaml-de) 
(pylon 8; 10), poiyihexamemy?ene isophfbaiamlde), polythexamelhyiene terepMhaU^mldo), poly(neptam ethylene 
pimeiamide) : (nyian ?J)/po^(octamcihyiene suberamkie) {nylon 8,8}. f poly{nonameihylefje a^alam^e) (nylon 9 ; 9).. 

& poiy (ciecamemyiene a^eiamide) (nylon 10,9), poly(deoarrvelhyleno sebacarnide) (nylon 1C : 1 0) : polypls|4^m|no cy- 
elohexy^met^ane- 1 ,10-decans^areoxamide)), poly(m-xylylene aqlpanTido), pciyip-xylene seaasamide), poly 
^2,2-tdrf jethyl hexamethylene terephtbalamldo), polyCplpefa^jne sebaoamido), peSy{p-phenylene lelephthalamsde), 
poly (metaphetiylen e isephthalam ids) md ihe like , 

10051) Other umiul polyamides may be those .formed by the polymen^atior. of amino acids and depatlves thereof 
as : for example, lactams. Illustrative of these useful poiyamides are poly (4-aminob styric acid) (nylon 4}, po^amy 
nohexanolc acid) (nylon 0), polyi 7-amtnoheptanojc acid) (nylon 7}/poiy(8~arninooctanofe abidj (nyloh 8), poiy(0^aml- 
nononanokt aoid)(ny?on 9i, poiy(1D« amino- deoanokr acid) (nylon 10), polyj 11 -aminoundecanelc acid) (nylon 1U poly 
(i 2* aminocedocanoic acid) (nylon Tg) and tt-e tske. 

(mszi Pfeferrad polyarnldes for use m the pracrloe of mb invention include poly (cap rolaciam}, pp:|y(1^-anar:edc- 
^ dacanoic aoJd} ? pory(hexamemylene adiparnlde), poly^m-xylylene adipamsde), and poly(8 aniinohe#no|o acid) and 

copolymers anrJ/or mixtures thereof, for their widespread application and eftectiveness in the prasenr invondpn. 

Other polymers, which may be-emptoyfid in the practice of m& Inveirapru are linear poiyes^s. The typo of 

polyester Is not criticai and the pattfcttlar polyesters chosen for use m any parlicatar sliuatbn will depend essentially 

on .the physical properties and features, i.e.. tensile strength, modulus and the like, desired in the flnfl form.Tbno, a 
s^ multiplicity of linear thermoplastic polyesters having wide variations In physical properties may be sbitsbje for cse In 

this invention. 

[0054} The particular poiyesier ehosca for use can be a homo -polyester or a co -polyester or mixtures thereof os 
cos I rod. Polyesters mm be normally prepared by the oondensalion cf as argamo dlcarboxy lie acid and orgsnb dlols, 
mustrativo examples of useful polyesters will be described herein beJow in terms of ihese die! and #earboxysc ac^d 
^5 precursor?;. 

{0D65| Polyesters w h icb may be suitable for use in this ^mention are those which a re derived from Ibe condensation 
of aromatkx oycioaslphaiifx and asphase diols with aliphatic, aromatic and oyoioeUpbaho dioarboxyl^ adds and may 
bacyc:loalipbatlc, asphallc or arcmalic polyasiers,, Exemplary of useful eycioal iph alls , alip banc aralaromatlc peeves tors 
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which can be utilised N the practice of this invention are poiy(sthylsne ter^pNha isle), pftfyft^lohexleriedimieEhyteTO). 
ierephlihalate, poiy<e$hyien© dodecate), pc%(butylene terephtbaiate), polyethylene rtapftthfttete), poiytethykmo; 
(2.7-naphiruiter.e}), poiy£memap^^^ 
spate), polyethylene^ 

5 poiyfdec&meihyleoe ssbacare), po^dtoethylpr.oplo'laclSopO}, poly(pa^hydro^'b6n^oat©} (Ekonok% poV(ethylene 
oxybenzoata) (A-teHSj), pcly*>thy!&a.e :sophthalai^)/pofy(i:eirarneinylene terephmaiate, p$ty(h<mt«Tiettyforte tereph- 
thaiate), poiy(docamethykme ierephtha&ie), poiy{1 ,4~cyciohexane dfmelhyfene ierephthaiaie) (trans), poiy{felhytene 
i<S-naphtha1afc£)« polyethylene 2 r S-naphthaiare; : poly(1 «4Hpycloh-exy&he' dim&hy ion* te?£ph1h:'«s&t#)< (Kodel#} (els), 
an d po iy(l ;4 -cyck<h0%jeno -cftrustftytenB tarophlhatata (Kode1€>) (trans) . 

to [0066] Polyester compounds prepared fromHie condensation of a diorahd an arorn&iie enearoo^yiks acid are preferred 
for use in this invemibn. Hk^tfativs of such useful aromatic carhoxylio acids am tsrophthaib acid, taophthaifc acid, o- 
phfhafic acki, I .S-na^trmlenedscar^oxyiic acid, 1,4 napihaiehedicar&oxylfc acid, S.S-napUiakmedbsrboxyiic acid, 
2 ; /-napthaten0dicart>6>fyiic acid, 4 < 4'"diphenyld;ca?tJoxyiJC acid, 4 J 4-dijpheoysulfphon0-<Jlesrbqxy^c acid, 1 ^1 j'S-trlm^- 
thy i^j-carboxy *3~{p ^44>oxyphqny]54daf . . dfphenyl ether 4,4 -dlearhoxyile acid, bis*p(carbo>iy-pheny}} methane and 

?:$ the HSce. Of the aforementioned aromatic diearboxyUc acids, those based an a benzana" nag (such as lerapiithaiie acid, 
IsophmaJic acid, orthlphthalio ac*d) are preiermd for use in the practice o? this invention, OT : mesa preferred- acid 
precursory terepht:h#c acid may &o a particularly preferred acid precursor because ft leads to pplyc^leris thatar© less 
prone to degradation during melt processing and mote dirnensionaHy stable. 

fOOSTJ Preferred pc^vastars for use in the practice of this U ivenilon .Include poly(ethy lone terephth&te/to} ; po*y(butyleoe 
■£& i&mp\itto%U&&% poly( i .4-cyciohexylene diroethylene te rep hthalat a) and pciy (ethylene n&phth'aSateJ- and copolyrners 
and/or mixtures thereof. Among mesa polyesters of choice, polyethylene taraphtha^ie) may be most preferred be- 
cause of Jta exceHentirnachan^ca: strength, rnaaufacUjrabilliy, and effectiveness in the present invent lorn 
fOGSS! Another set oi useful thermoplastic polymers may be formed by polymerisation of alpha ; be?a- unsaturated 
m onom ore of the formula: ; 

R 3 R 4 C::GH 5 

wherein: R 3 and R 4 are the same or different and are cyano,. phenyl oa.rboxy. a&ylester, halo, alky I, ai3<y I substituted 
3$ with one or more chidro or fkioro, or hydrogen, illustrative of such preferred polymers are polymers of ethylene, pro- 
pylene, hexane, butane, octane, vlnylaloohol, acrylonitdle, vinylidene haiide, salts. of acrylic aeki sasts of methaerylle 
acid, tetrafluoroethylene, ch ferotnfiuoroethyjene, vinyl chloride, styrane and the like. Copolymers and/or mixtures of 
these aforementioned polymers can also be used In the present invention, 

fOOSi] Preferred tl#rrnop!astie polymers formed by poiymeh^atbn of alpha- beta-unsatu rated monomers far use In 
the praetice of this fnv^ntJon arepo?y{propylene)/po^ 

with polypropylene) polymers and copolymers being most preferred for their low cost and good mechanical and surface 
properties, 

[00601 Another set :of synthetic polymers useful as matrix polymers for the present invention includes thermpset 
polymermatehals sodh as polyesters, unsaturated polyesters, aSkyde, phenolic poJymers ; amino plastics, epoxy resins, 
*!Q polyyrethanes, and petysulfsdes. 

{0061] The layered materia ;is and me highly branched polymers of the invention can' be interacted for intercalation/ 
exfo^atbn by any sample means known In the art of making na nocomposites. The order and the method of addition 
of layered materin; ? highly branched polymer,, and' optional addenda: can be varied. 

10062] in a prerermd embodiment, the layered materials can be dispersed in su stable branching monomers or ml- 
**$ gomers. which may o'a subsequeniiy hyperbmnchlng poiymerfeed. in another preferred embodiment, the layered ma - 
loners can be rnelt bonded with the highly bmnched polymer at temperatijfes preferably comparable to the porymer 
melting point or above, with or wilhoel shear, Irs stili another preferred embed If nenU the layered male nafe and the highly 
branched polymer c# be combined in a solvent p.hese to achieve interca .iaiion/exfoSiatJon. T he resultant solution or 
dispersion can be used as Is or wish • solvent removal through -drying. The solvent can be aeneous or organic. The 
£?c organic solvent c&rV&b polar or eonpolar 

immj T he matedai of the instant invention comprising the. layered materials s and the highly branched polymer to- 
: get her with any optional addenda, can bo fomned by any suitable method such as : extrusion, co-oxtmsion wsth or 
wimout orleatel ion bf imiaxial or biaxial < simultaneous or consec utive si reachi ng : blow molding, Injection molding, lam- 
jnehon, 's-olvenS cBshng, and the like. 
55 f;0064] Th 5 e opttorsai addenda mentioned herein above can include, but are not llnsiied to, nucleating agents, fillers, 
piasttcizere, IrnpacJ modifiers, chain axtenders, colofHnts, lubricants, anlistaho agents, pigm ems such as titan ium oxide, 
zinc o>nde ; taic, caMbm carbonate, riispersams such as fatty amides, ..(e,g. f stearamide), metallic salts ot fatty acids, 
e.g.,. zinc stearato. magnesium sie&rate, dyes such as ultramarine blue, cobalt violet, antioxidants., imoresceni whit- 
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&mr&, ulimvloiet ab«6fbers, fire rstardants,:rou9h«nirtg *genfe, crags linking : ®S^nts/vf>Jd|ng agents m$ me like. These 
optional mti&ntia and their corresponding amounts can be chosen aaxHding to need. 

[03651 The weight ratio of the layered 'materials to highly branched polymer can vary horn 0.1 to '99.9:0,1 , 
However it Is preferred to be from 90:10 to 50:50 and more preferred to be Irprn 80:20 and 80:40 in carder to optima e 

5 the ttmmi* physical propsflles or tsyared materials andlhein.t©^^ ^Forded by the l^hly branched 
polymer. 

[0066} Thetayeretf msten&te ao^'fh^.hl§hiy branched polymer of the invention caiTbefudhar ir^&r^tod vvith matrix 
polymers by any sizable means- known In the art of making rtanocomposites. The order and method of addition of 
layered material highly branched poiymer, matrix, and optional addenda can be varied. 
?*? 10067] in a preferred efnbpcSnwsfil, the layered materials can be Initially mixed with asbltabb highly bpnehed polymer 
followed by mixing with a matrix, in another preferred srnbodimeni, the layered material can sjmu!taf*oously bo mixed 
with a suitable highjy branched polymer and a matrix, to another preferred embodiment, the iayarost materials and 
highly branched polymer can be dispersed <0 suitable m&tris; moeomom or oligomers, which may be subsequently 
polymerized by step or chain polymerization. |n shii another preferred embodiment, the layered mated al splayod by a 

6 highly branched: pernor can be one of the monomers vwh*ci> can participate tri polymerization to' torn* the composite 
with the matrix, in another preferred embodiment, the layered materials can be melt blended with the highly branched 
polymer at temperatures preferably comparable to the polymer melting point or above, with or witnour shear : followed 
by mixing wkh a maids temperatures preferably eoroparabio to the polymer and matrix melting po;n|s or above. -with 
or without shear In another preferred embodiment the layered fnateriais can be' molt blended with theMgniy branched 

so polymer and matrix at temperatures, preferably comparable to the polymer and matrix m citing points or above, with or 
without shear, In another preferred embodiment, the layered materials and the highly branched polymer can bo com- 
bined in a solvent phase to ach^iniorc^siion/csxfoisstion foiiowed by mixing with a matrix, The ros^tant solution or 
dispersion cae be used as is or with solvent removal through drying The solvent can be aqueous ior organic, The 
organic solvent can be polar or nonpolar to yet another preferred embodiment the layered matepals : the highly 

es branched polymer, and the matrix. can bo combined in a solvent phase to f^h^veiot^a^o^foifatl^; The resultant 
solution or dispersion can be used m is or with solved removal through drying. The solvent can beaqoeous or organic. 
T he oi^anic soivent can be polar or nonpoW. 

[OOSgf The weight ratio of the splayed .material (layered mate rial'* highly branched} to polymer matrix can vary from 
0:1 to ^.S:0,r/Hbweverki&p^en^4olMir«>m 1 :99to 90:10 in order to optirn^ethadasirabfe physioalp roper tees 
So of trie nanocomposilo. 

immi For the practice of the present invention, It is important to ensure compatibility between th# matrix polymer 
and at least part of highly branched poiyrner used tor layered material intercalation or exfoliation . If th:| matrix polymer 
eernpdses a biend or polymer, the polymers in the blend should be compatible with at least part d! pgb^y branched 
polymer used for layered material -splaying, if the matrix polymer comprises copolymer^), the cepo^mer(s) should 'be 

3* eornpatihte wsth at least pan of highly branched. polymer used for layered materia! splaying. 

[007$! The article of the instant Invention comprising the layered mater&fe, the highly branched poiymor and the 
polymer niafrix, logef her with any optional addenda, can be formed by any suitable method such e| : e>rta*slon 5 ee- 
oxhusion with or without orientation by uniaxial or biaxial , simultaneous or consecutive siretchjng ; btow molding, in- 
jection melding, lamination, solvent easting, and the like. 

■4o |0O71| in a preferred embodiment of the invention the layered material, together with any optional addenda , may be 
molt blended with the highly branched polymer of the invention in a suitable twls screw compounder to ensure proper 
mixing. An oxarapie of a. twin sprew ooropounder used -ortho experiments detailed befov* is a LeiatntK>p!orov^27;TVvin 
screw extruders may be h-M on a building block pmotpte. Thue, the mixing of additives, the residence Brno of rssin, 
aa woti as the point ot addition of additives can be easily cftanged by changing the screw design, the barrel design 
and the .processing parameters, Other oompoandtng machines for nee In preparing the present invention include, but 
are not limited to twin screw compounders -manufactured by Werner and Pfleiderrer, and Berstorff . *f he^e compounders 
can be operated either in the co-rolaUng or the ceunter-rotaling mode. 

|O072] The screws of the Leistnlz compounder are 2? mm in diameter, and they have a functional length of 40 
diamelera. T he maximum number ot banal 2'pnes- tor this compounder may be 10. The maximum sdr# rotation speed 
<>n for this compounder may beMO ?pm. This t^in screw compounder may be provided with main f eeders through which 
resins may be fed, while additives might be fed using one of the main feeders or using the two side Walters, U the side 
staffers; may be used to feed the additives, the screw design needs to he appropnately configured, 
COOTS] The preferred. mode of addition of layered materials to the highly hraoohed poiymor may b4 through the. use 
of the side buffer to ensure the splaying of the layersd materials through proper viscous mixtng and to ensure dispemson 
oft ho fHter through the poiyrnsr matrix as well as to controi the ther ma; history of the additives, in. this mode, the highly 
branched polymer may be fed using the main rosin feeder,. .and may be followed by the addition of. layered material 
throuoh the downstream side staffer or vice versa. Aitemafiyeiy, the layered materials and nighty branohad polymer 
can be fed using the main feeders at the same location or the layered materials and highly b ranch edpo^mer may be 
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premixeci and Kid shm&gh a single side s tuffer: This method may be pariionlady suitable if th£>m Is onsy one side staffer 
port available, and if there are limitations on the screw design. 

[0074] In addition toiithe compounders described above, the arHcfe of the present JovenSiw.m€5y-be-prpduocd"Using 
any suitable mixing device such as a single screw compounder; blender, mixer; spatula, press, extrude; or moider. 
^ |007S| The aftbte olths invention can be of any $\m and form, a iiquki siieb as a solution, dispersion, iaiex and the 
or a solid such as a sheet, rod , particulate, powder; fiber, we, tube, woven, nc^vwoven. support, layer |n a rnuh 
tiiayersimcture, and fee like/The arUcte of the. inventor can be used for any perpoee, as islustraied by packaging, 
woven or non-woven products, protectee sheets or clothing, and medical imptemettt. 

[0078| In one preferred embodiment of the invention, (ha. article of the: invention comprises tire base of an imaging 

?o member. Such Imaging members include those utiifeing photographic, electrophotographic oleetrosiatographic, pho- 
tothermograprvie ; migmtion, electrothermogrephic, dielectric recording, thermal dye transfer., Inkjet and other types of 
imaging, to a. more preferred embodiment of the Invention, the arttete of the invention comprises the base of a photo- 
graphic imaging mernben particularly a photographic reflective print material, such as paper or other dfepiay product. 
[0077J 1 yplcal h&sm fonroaglng members comprise cellulose nitrates cellulose acetate, poiy(vinyj acetate), polysty- 

i£ rone, poiyotet!ns : po$y(ethylene terephthaiate), polyethylene napbm&iate), polycarbonate, polyamide, pofyimkie, 
•glass, natural and syn#?etio paper, resin -coated paper; voided polymers, micro voided polymer*- niicroporom matehals, 
nanovoided polymers and nanoporous materials, fabric, and the like.. The material of the inversion. comprising a matrix- 
polymer and the splayed layered materials can he incorporated in any of these materials anoVor their combination for 
use iti the base of the appropriate imaging rhernber In case of a mnitUayered imaging matt four, the aforementioned 

■#0 materia? of the invention can he incorporated in any one or mere layers, and can be place** anywhere in the imaging 
support, e.g., on the tepsido, or She bottom side, or bosh sides, and/or m between the. two sides of the supper*. The 
method of incorporation can : inckide extrosjor?, co-extnssion with or without stretching, blow melding, casing, co-eas}> 
mg, iaroinetson. calendering, embossing, .'coating, spraying, molding, and the like. The imago receiving layer or layers, 
as per the invention, eon be placed on cirhcr side or both sides of the imaging support. 

■£s [00 78^ in one preferred embodiment the imaging support of the invention oornphslnp, a matrix pojyrnar and the 
spiayed layered matoha?s of the invention may be farmed by extrusion and/or eo-exmaston, followed by onentaiioe s as 
m typical polyester based photographic film base formation . Ailernanveiy, a composition comprising a matrix polymer 
and the splayed layered materials of the invention can be extrusion coated onto another support, as in typical resin 
coating opers&on for photographic paper, in another embodiment, a composition comprising a matrix, polymer and the 
splayed layered malenals of the invention can he extruded or co-extruded and preferably oriented into a preformed 
sheet and subsequently laminated to another support, as In the formation of typical laminated reflective prim media, 
[0079 J m a preferred embodirnent.. tne rnatenai of th:s invanhon may be incorporated In imaging supports used for 
image display such si r^eetive print media including papers, parilcularty resin-coated papers, voided polymers, and 
combinations thereof. Alternatively, the imaging support may comprise a combination of a reflective medium and a 
transparent medium, In order to realize special affects., such as day and night display in a preferred embodiment, at 
lea&t. one layer comprising the materia;: of the present invention may he incorporated in a paper support; because of 
its widespread use. In anoiherp referred embodiment, at least one layer comprising the nanoeomposite of the present 
invention may be incorporated Mo an Imaging support eompdstrm a voided polymer, because of its many desirable 
properties such as tear resistance, smoothness, improved refk^tiv%, metallic sheen .and day and nigh? display usage. 

■to posGJ The imaging sapperts of the invention can comprise any number of auxib&ry layers. Such auxiliary layers may 
include antistatic iay&b. back mark retention layers, tie layers or adhesion promoting layers, abrasion resistant layers, 
conveyance layers, h&nier layers, splice providing layers, UV absorption layers; antlha&tion layers, optbateffect pro- 
viding layers,- waterproofing layers, and the like. 

IQSmi The following examples BHjstrate the practice of this invention. They are not intended to be exhaustive ot all 
*s possible variations ofipe invention. Parts and percentages are by weight unless otherwise indicated. 
|O032] The hyperbranehed polymers usee: were: 
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Tabte 1 {continued) 


.ID 

Name 

Supplier 

f$ote?utsr Weight 

P6 


Synthesized 

1500 

P? 

BypsH^mnehed Pofyether (2) 

Synth es-teed 

1400 

PS 

Hyperbrarjcted- Aromatic Polyester with epoxy ends (3) 

Synthesized 

7200 

P8 

Hyp^rbrsrichod PoJyvtnylben^eNotitfe qusvom^ed wish ; 
dirnelhylarnlnoetharjos {4} 

Synt^fck&ri 



[0083] The syrchoi: \ 

[80S4] Represents a repeating unit *hat is simitar m the cormsponciksg backbone. 
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The procedures for the syntheses of hyperbranohed polymers: ■ 
Synthesis of PS: 

[DOSS] To a three-neck round f»ask equipped with a sterling bar and water condenser, IT7grama (0 B838nnoi) of 
.sbccinfc'iticld, 1 OOgrams |C.6SS8mo1 ) of trJsCS^aminqeJhyOamlne, and 440ml of dokvn^od water were added The so- 
lotion was healed at §0*C for three hours. The saft solution obtained was concentrated- to contain appro xjrnaleiy 85 
\\>m- solid (.35 wt% water) and then ad ded to a 1 liter stain less steelautociave . Polymerisation was carried oat at 235*G 
and approximately 3/ixl O^kF for 3 hours. The polymer was precipitated twice from cold acetone and dried at room 
ternperaiare u Oder vacuum for 24 hours. 

^mhesic ; of FT: 

[00881 35 grams o? resorc}nold]g!ycsdyi ether, 35,2 grams of lriethaoo;arnine and 0.884 grams of potass; are tort- 
buloxlde were eombJoed with a sirring bar In a SOD ml three neck round bottom flask with a water condenser with N2 
intet/out let. The flask was submerged m a hot oil bath at 120° G. The reaction .mixture was stirred and heated for 5 
hrs. Trie polymer was :;predp!tated from heptane- and • dried ursder vacuum overnight SOgrarns or water was combined 
with 20 grams of dried polymer as prepared above In a. 500ml beaker. Acetic acid was added to the mixture while 
stirring until the polymer was completely dissolved in water and the pH was neutral. 


rOD$7| Terephlhaicy? chbnde 3.28 ttmoi) and tetrabutylammonkim bromide (0.319 g, 0.9885 mmol) were 

clmrged into a 26 ml air-free flask along with a stir bar In the dry box. The flask was sepiomeo and removed from the 
dry box/Trspheny^olmethane tricjyddy:; ether (4.5 g ? 9,9mmoi) and 7 ml of toluene were- added and too solution was 
stirred at i 00* C In a nitrogen atmosphere for one hour, The productwas precipitated sn £60 ml ol methanol coiiected 
via suction fiitratien, and dried m nho vacuum oven. 

Synthe^s oi P9- 

fODS8] To a ihree neck round bottom flask equipped with a magneiio stir bar and a water condenser w£*h N2 inioV 
outlet, 7§ grams of 4-viny ! benzyicnollcie, i 5 grams of CuCi. 47 grams of djpyndyt and 200ml of ohlorobenzene were 
addeel Tne "solution was heated at 126 ri&Q* D for 46 min. The polymer was p red pita! ed with cold- methanol and dried 
at 40 in a Pacifism oven. 
[0089] The layered mater lais used were: 
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Table 2 


Layered ^aierlal 
ID 



(001) Basal Plane 

. L1 

NaOreisfte® 

Southern Clay Products 

- - f 

12 


Southern Clay Products 

IB 

13 


Southern Clay Product 

m 

L4 

Pemoxide 

: Eastman Kodak Company 

\ W: \ 


Th& methods of character!? atjon used Included: 

100003 The (001 ) basal plane spacing was measured by X-ray enaction using a Rigaku Bragg-Br^taha difffaetcrn- 
^ eter in raffeetiqn raode geometry utilising a mdnaohfbmator tun^^cl fo-CuKa mcil;atten. All ^mummf^^^mpmfom^Bd 
in -amb&ntajr.. 

[0091 1 Farthor <^s#ssmont of the layered rnateri&t .morpho^/ was perfomned by transmission electron microscopy 
(XEM) using a microscope operating at 200 kV acc^ rating vofi age (JE^-2D0DFX from JB3L, Ihsi). The following 
examples hisftSjabt the obs*tvstS£?n of spring of layered materials using highly branched polymer 

An aqueous mixture of 3% sonel cencen^atton of iayated mate rials was made in a 50- O w®m b&tti using a 
high shear dovioe. Asxihranl fixture -of'wafer/ms^iarMat a weighs rsiks of 75:25 (solvent rpMur$ A} and 60:40 (soiwn* 
^ mLxU-re.8) was also rn&do. The layered fnaterlai-walef dispersion, the hyperbfanohod polymers P1 , P2> and P3 were 
brought together un.cior high- sheer in two different solvent mixtures to 'term a total 3% solids tfssperskisrt, Tho mixtures 
were allowed to sdrfprsn additional three hours -to eosoro Sola! mixing. A few drops from the mixers we^ deposited- 
onto agte sJuie faod eJiowed to dry in ambient air. The structure of the rosoStarst solid film, which fbef*©d on the g?ass 
earned holder, was rnwstiqaloei fcv XRD. The resolls from XRO analyst's are shown tn Table- 3, F# T£M analysis, 
samples were prepared by dispersing ih» polymer/layered material mixture onto carbon Fomwa^ Mm dspositsd on 
000 mesh Co grid {from E. F, Fullam, Inc.}, and thon viewed under 1 : .torr vacuum at mom temperature. 


4^ 


50 



P 

F/tl 
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PI 

9/1 

SI 
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P2 

9/1 

43 
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P3 

9/1 

41 

4 

PI 

8/1 

48 

5 

P2 

.9/1 

41 

6 

P3 . 

9/1 

No peak observed 

7 

PI 

5/5 

29 

8 

92 

5/0 

30 

9 

P3 

6/5 

30 

10 

PI 

5/5 

£9 

11 

P2 

S5 

30 

12 

P3 

&5 

33 


[0093] Compared to tho (001 ) basal plane spacing reported for layered material LI , examples 1 ~ip show: evklsnce 
of an Increase in basal plane spacing, indicating spaying such as mterea&tfon and/or exfoliation has ocetaTcd Figure 
1 demonstrates th6 etfeol of the ratio of polymer P1 to layered matsdal 1,1 on the observed (001) basal plane XRD 
peak poison. 

[0094] i nteraction of polymers with layered materials ---can be direotiy axamtned by transmission olsotmn microscopy 
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to determine the extent of splaying such as Intereaiation and .exfoliation. When $prr$tist®& spiayed {exfotialed} with 
P3 polymer, as in 6, the layered pidteritf layers are pushed so far apart that they are seen as a collection of 

\w$\yidu&\ "severs" af.^&nad material platelets, each eoe-espending to an Individual layer of the layered materta^ and 
each with no app&ff^Jnl^mct?6n-v«th any neighboring layered material piateiei 

Figure 2 : a |Esyi (mage of pi to LI at a ratio of .9.0:1 0, as in Example S : is in good agreement with the XRD 
.pattern tor the samo oiatorlat as shown m Figure 1 C. 

Hyperbfane&ed polymer PI {96 parts) was' weighed into a glass vial and heated until the polymer malted. LI 
iS parts;) was added and the sample was stirred for several minutes. The .sample- was cooked to room toa^pomture. 
The resultant nanoeomposlfe (2;S5g) was dispensed in water (1 4g) , The mixture was heated until the water boiled., was 
removed, from the heat and. stirred using a magnetic stir bar for I S hours. A white dtepersjoa resulted. An aliquot of 
this dispersion was deposit od onto a glass slide and allowed to dry in ambient air. The stmctuf e of the resultant solid 
film formed on the glass sample hoider was investigated by XRD . the results from XRD analysis are shown In lable 4. 

Tabfe 4 

I Example j P j P/L1 j (801) Basa* Plane -.Spacbg (A) 
I 1.3 I PS j 95/5 j No peak observed 


Compared to the (001) basal plen© spacing reported for layered material Li , example 13 shows evidence tftaUay^ed 
material splaying has occurred. 

poly vinyl i 

banzyk& londo), ~ 

[Q0&7] An equal amount of LI was mixed with P9 hi water at room temperature for 15 hrs. A few drops from the 
mixture #ere .deposited onto a glass slide and allowed to dry in ambient air. The structure of the reseiiam sold f ilm > 
which formed omhe glass sample holder, was investigated by XRD. The results f rom XRD anaiysfs are shdwr* in Table 6 

Table 5 

| Example | P j P/L1 f (001) Sasaf Plane Spacing {A} j 

j 14 | P$ | 90/10 | No peak observed ~1 


f0098| Compared to the (001) has a* piano spacing reported for layered material LI, example 14 shows evidence 
ifrat Layered m&teda; exfoliation hag occurred, as confirmed by JEM. 

Example 15-22. La ponste# splayedjM^^^ 

Lappn}te#> wae mixed with a variety of hypefbranohed poly esteram Ides in water at room temperature for 16 
hrs. A few drops from each mixture was deposited onto a separate individual glases tide and allowed to d;y in ambient 
air The structures of the resultant solid films', formed on the glass sample holders, were investigated by XRD. The 
res-rite from XRD anasyssa are shown h Table S, 


Tabic? 6 


| Example 


P1LZ 

Spacing (A) 

IS 

P4 

25/75 

19 

| 18 

94 

50/50 


17 


75/25 

No peak observed 


P4 

90/10 

No peek obseved 

19 

m 

25/75 

20 j 

1 20 



PS 

50/50 

2S | 


20 
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Table 6 iconumm 


Example 


P/L2 

Spacing (A) 

21 

P5 

75/25 

No peak observed 

22 

P5 

90/10 

Ho peak observed 


fOiGOJ Compared to (001 ) basal plane spacing reported for layered material 12, exai'npies 15-22 show evidence 
of an increase in basuii plane spaemu, indicating staying, such as intercalation and/or e*faliaso?> f: hfs occurred. 

fGIOI] Lsponit^was msced with hytrtrbranrtUK* polyetharin water -aUoonitemperfiitirs fori 5 hra. from the mixture, 
a -few drops deposited onto a $as$ sikie and. allowed to dry In .ambtentftir.' resultant s^i^rr; was formed, 
oh a glass; sample holder for structural Inves^ation by XRD, The results from XRD analysis are ehe^r; in 'Table 7. 

Table 7 



P7/L2 

Spacing (A) 


25/75 

16: 

, 24 

50/50 

24 

25 

75/25 

No peak -observed 

as 

90/10 

No peak observed 


[01 02j Compared to &e (001 } basal plana spacing reparian for iayered material 12 } examples 23-3 show evkiarsce 
of an increase in basal plane spacing, mdteting splaying, such as intercalation and/or exfoSaUftft, has occurred. 

Eaamftto 27-32, uponfrfl? splayed with J^^rbr^chM polyn^m M s^aj mixing 

$103] HyporbranchoGi polymers were weighed into a glass vial and heated ami the .polymer m*i L2 was added 
and the samples were stirred for several minutes. The samples were cooled to room temperature. W;e resultant ?*a- 
nocomposiies were reheated, an aliquot of each sample was smeared onto a glass side, and thaa copied to room 
ti*mmtmum s followed, by analysis: using XBD. The result* from XRD analysis are shown in Table 8. 

labia 8 


j Example 

P 

P/L2 

Spacing {A} 

27 

P4 

95/5 

No peak observed 


F4 

75/2S 

■2S--S No peak observed 

29 

; PS 


No peak .observed 

30 

PS 

90/10 

No peak observed 

31 

PS 

95/5 

rw peBK oo^e* veu 

32 

PS 

95/5 

No peak observed 


£01 041 Glared to me, (001) basal plane spacing reported for layered material L2, examples 2 7~3E show evidence 
of an jncreaee in basai plane spacing, indicating splaying, such as interealan on and/or exfoliation, iim occurred. 

[0185| An equal amount of L4was mixed with P9 in water at room temperature for 1 5 hrs. From in e mixture, a tew 
drops were deposited onto a glass elide and aMowed to dry in ambient air. The simcmre of the resultant solid film 
formed on a stes sample holder was !nv estimated by XRD. The results from XRD analysis era sh# n In ; able Q. 
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Table 9 


TO 


Example j P I P/IA 

(OOt) Sass$i Plane Spacing (A) 1 

33 fp5 TbO/BQ 

S9 j 


{01 06] Compared to the (00 1 ) fo&s&l piano spacing sported for layered material L4, example 33. sh owe esrldenee oj 
an increase In basal #*he spacing, indicating Intercalation hm occurred. Figure 3 demonstrate- tfce effect of the ratio 
of polymer Pa te layered materia? 14 on the observed (001) basarpiane XRD peak position. 

Example 24. ° r :3 ; -\^^^ 

[0107] Hyperbfans&od polymer PI (§6 parts) was weighed Into' a glass vial and boated mffi the polymer mo Sled. L3 
(5 parts) was added, end me samples were stirred for several minutes, followed by cooling to room .temperature, The 
resimam nanocompe&foj was reheated, an alk^sot was smeared .onto a glass side, and then cooked to room temper- 
ature, followee by a^aiysfs using XRD. The results from XBQ analysis are .shown -So Table 10. 


Tab i.e. 10 


| Example ] P 
s i 

P/L1 

{001} Basa! Plane Spacing j 
CA) 

] 34 | PS 

95/S 

29 


Whencenrparedtothe (001) basal plane spaehig re ported for layered materia! example 34 shows evidence 
that intercalation of the layered matanaJ has occurred. 

Example 35: Sodium Clojs<te(& splayed by hyperb ranched aliphatic polyester mrx oel-wfth poiy{ethytene terephlhalateV 

[O109j An- aiiquot of example 1 3 {SO parts} was thermally mixed with polyethylene terephlhalate) (50 parts). The 
resultant mixture was cooled to room temperature. The resultant mixture was reheated, an aliquot was smeared pate 
a glass ekie* and thee cooled to room temperature, followed by analysis using XRD. The results from XRD analysis 
are shown in Table It, 


3$ 


40 


Table 11 

} Example 

Composition 

(001) Basal Plane Spacing f A) j 

| 36 

PETRI ;L1 50:47,6:2. 6 

No peak observed j 


[011 0] -Compared to the (001) basal plane spacing reported tor layered /material in example 13, the layered material 
LI rcsfn&in-s splays*!, *■ 


4$ 


Cla?ros 
1 


A splayed material 'crxripr ssing a layered materia! splayed with a liquid materia? wherein said liquid material; Is 
volatile at ambient pressure. 


2.. The ro&isrfel of claim 1 wherein sa*a highly branched polymer comprises a dendnmor. 

3. Th& .material of claim 1 wherein sales highly branched polymer comprises at least one hypemranehed polymer; 

4. The materiel ot oifeim 3 wherein sale* tryperbrancbed polymer comprises a pdlyamide. polyester, polyether : vinytsc 
polymer, polyimlne. poryslloxane. polyurethana, pciythioether. polysrylalkylene, poiysllane : polysullorre\ or pbly- 
esle rare I da , 

5 . The material of claim 3 wherein said hyperbranched polymer possesses water soluble or bispersibie segments or 
groups either at the ends thereof or w the backbone. 
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6. The Valerias oleiairn a w here in ss-id bypertmmehed poJymer is prepared by a .chain polynw^ahon of a monomar 
of the formula MV ft'-M^ wherein (I) R* is a -substftutedf or fion-substiTuted aSkyl, alkeny!, oraryi moiety and 
■taster©- -atom containing S:3bsrtatrt£Kf'ornon:«titJsiatt4o<! aikyi alkenyl or aryl moiety: '(H). fvl 1 and M 5 - are- reactive 
groups that react ho^pendonliy oi each "otter in which is a polymerization group and'M* is a precursor of a 
motety M 2 * which Initiates the poiymersrafeti at M » as a resell of heme activated by any source; and (lift, a and rn 
are ^tegsfs of at least 1 . 

7. The m&iehej of cU&m 3 wherein said hypo rhranc: had polymer la prepared by a condensation or addition polymer- 
ivaaon of a monomer or the formula R 1 -M* t wherein (i) R 1 Is a substituted or ttoo^ubstitu^d alky!, arkenyh 
or aryi moiety and hater© atom- containing substituted orfton-subsfituted aikyl, a?kenyi, or aryS mciely: (11), and 
M 4 are groups that undergo a condensation or adgttbr; reaction with or without- a catalyst; and (% a is an integer 
of at laaar 1 andua least :2, 

a. The materia! of claim s wherein said hyperbranohsd polymsr is prepared by & condensation or addition polymer-- 
nation of a co-monomer pair or the formula H^-M\ and H^M\ wherein 0} R 3 and B 3 are each d&pendently sub- 
stituted; or non^ubet^uted aikyj, a&ehyJ, or aryl moiety or hetdro &?om containing substituted or aon-suhsmyted 
aikyi, aJkenyl or aryi moiety; W)> ^ and are groups that undergo a condensation or addition; reaction with or 
without -catajyst: and p). x is an integer of at feast 2 and y an Integer of at least 3, 

9, The material of claim 1 wherein said layered materia: comprises a clay 

10, The material of dasn 1 wherein said layered materia: comprises a non-cldy: 

11, The materia? of ciairo 1 wherein said sprayed material is exfoliated. 

12, The material of claim 1 wherein said splayed material is jntercafa^d, 

1:3, An article composing a matrix and a iayered material spiayod with a highly branched polymer according to Claim 
1-12, 

14, The article of claim 13 wherein said matrix comprises at least one polymer: 

15. 1 he article of claim 1 3 wherein said highly branched polymer comprises at least one muhiftinclJonsi group, wherein 
sard niufefuntef tonal groups: comprises at least one component capable of splaysftg said layered materia: and and 
at least one other component compatible with said matrix, and wherein said muUil unction at gme^ ocmpatrbl^tees 
said splayed layered materia? with said matrix. 
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